The problem of the energy absorption from a weak probe field by a system of atoms driven by a coherent laser field is considered with special reference to the collective behavior of the atomic system. The changes in the nature of the absorption spectra as the intensity of the coherent laser field is changed are examined explicitly for a system of two atoms. Cooperative effects are shown to be important for weak fluenced by atom-atom interactions only at lowfield strengths. On the other hand, for high-field intensities, the laser-atom interaction predominates. However, in the case of the second-order correlation function (S'(t)S"(f + 7')S (I + v)S (/)) the collective effects play an important role both at low-and high-field intensities.
I, INTRODUCTION
Saturation absorption spectroscopy is a powerful tool for measuring homogeneous linewidths, relaxation times, level shifts, etc. , in gases. ' '
The absorbing medium is saturated by a strong laser field and the absorption of electromagnetic energy from a weak probe field, propagating either in the same direction as or in an opposite direction to the strong laser field, is measured. In theoretical calculations the interaction of an atom with the weak probe field is treated perturbatively and that with the strong pump field exactly.
Previously, Mollow and Haroche and Hartmann' calculated the spectrum of the energy absorbed from the probe field by a single two-level atom, in a strong laser field. They found that the absorption spectrum changes di. astically with the intensity of the pump field. For low pump intensities peak absorption occurs when the probe is in resonance with the atomic transition frequency. At high-field intensities the absorption is negative in a certain range of frequencies, indicating that stimulated emission takes place, amplifying the probe beam at the expense of the pump field. A recent experiment' has confirmed some of these predictions.
In all these calculations, however, it was assumed that different atoms interact with the external field independently of each other. Such an assumption may be expected to hold for high-field intensities, when the field reradiated by the atom is small in comparison to the pump field, so that the atom-atom interaction is insignificant compared to the atom-field interaction.
A study of the cooperative effects in resonance fluorescence was undertaken by Agarwal-. et al. , ' who studied the interaction of an external electromagnetic fi.eld with one-, two-, and threeatom systems. They found that as far as the firstorder correlation function (S'(t+ &)S (t)) is concerned, the light scattered by a system of twolevel atoms driven by a laser field is strongly influenced by atom-atom interactions only at lowfield strengths. On the other hand, for high-field intensities, the laser-atom interaction predominates. However, in the case of the second-order correlation function (S'(t)S"(f + 7')S (I + v)S (/)) the collective effects play an important role both at low-and high-field intensities.
It would be interesting then, to study the effect of collective behavior of the atoms on the absorption spectrum of two-level atoms for various field strengths.
We have studied the absorption spectrum of a 
The Since the spectrum of energy absorbed depends strongly on the steady-state inversion, we also study the effects produced by the collective be- 5~=y(1+2g'/y')'~'-~g for g)) y.
Thus 5~is proportional to g and hence to the intensity of the pump field.
III. SCALING OF THE RESPONSE FUNCTIONS IN THE LIMIT OF STRONG COHERENT DRIVING FIELD
Here we analytically calculate the form of the absorption spectra. in the limit when the driving field is very strong. We show that the absorption spectra is identical to that of a single two-level -(S') (g, e '"'+g,*e"")j, (3.4) then in the limit of very strong fields g» y one can show that (~'& = (--, ' r+2 g)«'), ln deriving Eqs. (3.2) the rapidly oscillating terms (the oscillating frequency is now 2g) have been ignored. The above conclusion is valid for the single-atom situation as well as the two-atom situation. The interaction with the externa, l field (probe field with frequency co) has the form a, ", =g, S'e '"'+ H. 'c. , n.= &u - (u, , (3.3) since the density matrix is taken in a frame rotating with frequency w~o f the laser field. It can now be shown that Eqs. The linear response of (S') to g, can be obtained by substituting expressions like (3. 6) into
It is clear from the above analysis that the linear response of a single two-level atom and the two two-level atoms can differ only by a scale factor and it is this scale factor that is determined by the equilibrium values of (S'), (S*). The behavior of the absorption spectra with and without cooperative conditions for a system of two two-level atoms is shown in Figs. 1-6 (Fig. 3 and 4) . We have checked with the actual numerical values for 
